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(54) CRYSTAL GROWTH METHOD FOR GALLIUM NITRIDE-BASED COMPOUND SEMICONDUCTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form a good-quality gallium nitride- 
based compound semiconductor layer on a sapphire substrate by a 
halide vapor growth method. 

SOLUTION: A sapphire substrate 1 is cleaned and dried so as to be 
placed on a susceptor 14 which is installed inside a quartz tube 1 1 
at a halide vapor growth apparatus 10. Then, a substrate 
temperature is set at 600°C, NH3 as an N2 source is supplied at 
400 to 800cc/min f HCI which is used to generate GaCI as a Ga 
source is supplied at 5 to 2cc/min, and N2 as a carrier gas is 
supplied at 2l/min. Thereby, GaCI as the reaction product of HCI 
with Ga placed on a Ga reservoir 12 is obtained so as to be 
supplied for 30 minutes, and an amorphous buffer layer composed 
of GaN or a buffer layer having a crystal structure in which an 
amorphous substance and a fine crystal exist so as to be mixed in 
grown on the substrate 1 to be a film thickness of about 0.2nm. In 
succession, the substrate temperature is set at 1,100°C, the above 
respective gases are supplied for 30 minutes under the same 
condition as in the formation of the buffer layer, and a GaN layer 
which is flat and whose crystallinity is good is grown to be a film 
thickness of about 2|im. 




LEGAL STATUS 

[Date of request for examination] 28.03.2002 
[Date of sending the examiner's decision of 20.04.2004 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

http://wwwl9ipdl.ncipi.go.jp/P^ 6/2/2005 



JP,10-215000,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPZ are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the approach of carrying out vapor growth of the gallium nitride system compound 
semiconductor by the vapor growth using the gas containing a halogenide and the hydride of nitrogen on silicon 
on sapphire, the temperature of said substrate — less than 800 degrees C — said substrate top — gallium nitride 
system compound (AlyGal-x-ylnxN (0<=x<=l, 0<=y<=l, 0 <=x+y<=l)) The 1st semi-conductor layer of the 
amorphous structure which changes is grown up. from — The temperature of said substrate 800-1200 degrees C 
— said 1st semi-conductor layer top — gallium nitride system compound (AlyGal-x-ylnxN (0<=x<=l, 
0<=y<=l, 0 <=x+y<=l)) from - the crystal growth approach of the gallium nitride system compound 
semiconductor characterized by growing up the 2nd semi-conductor layer of the single crystal structure which 
changes 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention — gallium nitride system compound semiconductor (AlyGal-x-ylnxN 
(0<=x<=l, 0<=y<=l, 0 <=x+y<=l)) to a silicon-on-sapphire top the vapor growth (for example, halide vapor 
growth) using especially a halogenide and the hydride of nitrogen about the crystal growth approach — it is 
related with what is depended on law. 
[0002] 

[Description of the Prior Art] Conventionally, as the growth approach of the gallium nitride system compound 
semiconductor layer to a silicon-on-sapphire top, there are organometallic compound vapor growth (it is 
described as "MOVPE" below), halide vapor growth (it is described as "HVPE" below), etc., for example. It is 
alumimium nitride (A1N) on silicon on sapphire as indicated by JP,2-229476,A by the approach by MOVPE, for 
example. It forms in 100-500A thickness at the growth temperature of 400-900 degrees C, and is this A1N. It is 
considering as the configuration into which GaN of n mold is grown up on a layer. Moreover, by the approach 
by HVPE, it is considering as the configuration into which a GaN layer is grown up at the growth temperature 
of 800-1000 degrees C on silicon on sapphire, and a GaN layer is grown up at the growth temperature which 
exceeds 1000 degrees C on the GaN layer as indicated by the Provisional-Publication-No. 52-No. 23600 official 
report, for example. 
[0003] 

[Problem(s) to be Solved by the Invention] However, although the good vapor growth film is obtained by the 
approach by MOVPE, since the rate of crystal growth is as small as number mum/h, production time becomes 
long. Moreover, since the organic metal gas to be used is expensive, there is a problem that a manufacturing 
cost increases. On the other hand, although the rate of crystal growth is large and can use cheap gas by the 
approach by HVPE, there is a problem that the good growth film of equivalent extent is not obtained as 
compared with MOVPE. 

[0004] Therefore, the purpose of this invention is aiming at reduction of a manufacturing cost in view of the 
above-mentioned technical problem, while shortening production time, and carrying out vapor growth of the 
good gallium nitride system compound semiconductor layer on silicon on sapphire. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, a means according 
to claim 1 is employable, according to this means — HVPE ~ substrate temperature — less than 800 degrees C — 
a silicon-on-sapphire top -- gallium nitride system compound (AlyGal-x-ylnxN (0<=x<=l, 0<=y<=l, 0 
<=x+y<=l)) from — the 1st semi-conductor layer which changes is grown up. making it grow up at less than 
800 degrees C, although the 1st semi-conductor layer will be single-cry stal-ized if it is grown up at the 
temperature exceeding 800 degrees C — the crystal growth of amorphous structure — it carries out. the 1st semi- 
conductor layer top — the substrate temperature of 800-1200 degrees C — gallium nitride system compound 
(AlyGal-x-ylnxN (0<=x<=l, 0<=y<=l, 0 <=x+y<=l)) from ~ the 2nd semi-conductor layer which changes is 
grown up. By growing up the 2nd semi-conductor layer on the 1st [ of amorphous structure ] semi-conductor 
layer, single crystal growth in the longitudinal direction of the 2nd semi-conductor layer is promoted, a flat and 
uniform crystal front face is obtained, and the crystallinity of the 2nd semi-conductor layer can be raised. 
Moreover, by carrying out crystal growth by HVPE, while the bigger rate of crystal growth than MOVPE is 
obtained, since the gas used for crystal growth is cheap, a manufacturing cost can be reduced. 
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[0006] 

[Embodiment of the Invention] Hereafter, this invention is explained based on a concrete example. Drawing 1 is 
the typical sectional view having shown the configuration of the HVPE equipment 10 for carrying out this 
invention, and drawing 2 R> 2 is the typical sectional view of the component obtained by carrying out this 
invention. The susceptor 14 for HVPE equipment 10 to lay silicon on sapphire 1 in a quartz tube 11 is formed. 
In a quartz tube 11, it is nitrogen (N). The hydrogen chloride (HC1) for generating GaCl as the ammonia (NH3) 
as material gas and material gas of a gallium (Ga) and the nitrogen (N2) as carrier gas are supplied from the 
upstream (left-hand side in drawing). In the upstream of a susceptor 14, it is a hydrogen chloride (HC1). Ga ** 
12 which has arranged Ga for reacting and generating GaCl is formed. Moreover, in the upstream of Ga ** 12, 
the quartz plate 13 for controlling the flow of each above-mentioned gas supplied to silicon on sapphire 1 in the 
suitable direction is arranged. The high-frequency-heating coil 15 for adjusting the temperature of the inside of 
a quartz tube 11 and silicon on sapphire 1 is wound around the peripheral face of a quartz tube 11. 
[0007] Next, the formation approach of the gallium nitride system compound semiconductor layer to the silicon 
on sapphire 1 using this halide vapor growth equipment 10 is explained below, c-th page (0001) (field) After 
washing the silicon on sapphire 1 made into a principal plane, nitrogen (N2) gas is sprayed and silicon on 
sapphire 1 is dried. Then, silicon on sapphire 1 is laid on the susceptor 14 in which it was prepared in the quartz 
tube 1 1 of HVPE equipment 10. and substrate temperature ~ 600 degrees C ~ carrying out - N NH3 as a 
source HC1 for generating GaCl as a part for /, and a source of 400-800 ccGa 5-20 cc/a part - N2 as carrier gas 

- 21iter(s)/It part-supplies. Thereby, it is HC1. GaCl is obtained as a resultant of Ga laid on Ga ** 12, and it is 
this GaCl and NH3. N2 is supplied for 30 minutes on silicon on sapphire 1. thus, a substrate 1 top — GaN from - 

- the buffer layer (1st semi-conductor layer) 2 which changes — thickness 0.2 [ about ] It grows up into mum. 
GaN If vapor growth is carried out at the temperature exceeding 800 degrees C, it will single-crystal-ize, but if 
vapor growth is carried out at less than 800 degrees C, crystal growth will be changed into the amorphous shape 
of amorphous and the amorphous condition that the microcrystal was intermingled as it is amorphous. Since 
vapor growth of the buffer layer 2 is carried out at the substrate temperature of 600 degrees C in this example, 
the buffer layer 2 with the shape of amorphous and the crystal structure in which the microcrystal was 
intermingled as it is amorphous is obtained. 

[0008] After formation of a buffer layer 2, and HC1 Supply is suspended and substrate temperature is made into 
1 100 degrees C. It is HC1 when substrate temperature became 1100 degrees C. Supply is started. The class and 
flow rate of the gas supplied at this time are the same as that of the time of formation of a buffer layer 2, and are 
supplied for 30 minutes. Thereby, the GaN layer (2nd semi-conductor layer) 3 of about 2 micrometers of 
thickness is formed on a buffer layer 2. 

[0009] Thus, the buffer layer 2 which has the shape of amorphous [ amorphous ] or the crystal structure in 
which the microcrystal was intermingled as it is amorphous on silicon on sapphire 1 by HVPE is formed, and 
while a flat and uniform crystal front face is obtained by carrying out vapor growth of the GaN layer 3 on a 
buffer layer 2, the crystallinity of the GaN layer 3 can be raised. Drawing 3 is a surface photograph Fig. by the 
differential interference microscope of the GaN layer 3 obtained by this example, and drawing 4 is a surface 
photograph Fig. by the differential interference microscope when forming a GaN layer, without preparing a 
buffer layer. Although it became mosaic-like when a GaN layer was formed without preparing a buffer layer, as 
shown in drawing 4 R> 4, the GaN layer 3 with a flat and uniform crystal front face was obtained by 
considering as this example, as shown in drawing 3 . 

[0010] Moreover, drawing 5 is the GaN layer 3 (002) obtained by this example. The X diffraction curve to 
reflection is shown. The X diffraction curve when growing up a GaN layer, without minding a buffer layer for a 
comparison was also shown. The half- value width when not minding a buffer layer from drawing 5 was about 
2200 seconds. On the other hand, the half-value width of the X diffraction curve obtained by this example was 
about 700 seconds. The value of this half-value width is a value almost equivalent to the GaN film obtained by 
MOVPE. Thus, by having formed the buffer layer 2, half-value width was able to become small sharply and the 
crystallinity of the GaN layer 3 was able to be raised. 

[001 1] Although growth temperature of a buffer layer 2 was made into 600 degrees C in the above-mentioned 
example, since the GaN layer 3 which a buffer layer 2 single-crystal-izes and by which it is formed on a buffer 
layer 2 will carry out crystal growth to the shape of an island if the growth temperature of a buffer layer 2 
exceeds 800 degrees C, the growth temperature of a buffer layer 2 should just be less than 800 degrees C from 
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which it does not become a single crystal but the shape of amorphous and the crystal structure in which the 
microcrystal was intermingled as it is amorphous are acquired. Moreover, although growth temperature of the 
GaN layer 3 was made into 1100 degrees C in the above-mentioned example, what is necessary is just the range 
of 1000-1150 degrees C more desirably that what is necessary is just the range of 800-1200 degrees C. 
Moreover, at the above-mentioned example, it is GaN about the presentation of a buffer layer 2 and a layer 3. 
Although carried out, layers 2 and 3 should just be presentations with which AlyGal-x-ylnxN (0<=x<=l, 
0<=y<=l, 0 <=x+y<=l) is filled. 

[0012] As shown above, according to this invention, by forming the buffer layer which consists of a gallium 
nitride system compound semiconductor at the growth temperature of less than 800 degrees C on silicon on 
sapphire by HVPE, and forming a gallium nitride system compound semiconductor layer at the growth 
temperature of 800-1200 degrees C on a buffer layer, a flat and uniform crystal front face is obtained and the 
good vapor growth film can be obtained. 
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DRAWINGS 




[Drawing 4] 
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[Drawing 5] 
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